The shape features of objects (connected components) in binary images are very important for image analysis, pattern (object) recognition, and computer vision. Conventional algorithms for calculating the shape features of objects in binary images can only calculate the shape features of objects without holes. This paper presents an algorithm or calculating the shape features of objects in binary images with holes. Based on a contour-tracing-based connected-component labeling algorithm, our proposed algorithm can calculate the number of objects, the number of holes, the Euler number in a binary image, extract the contours of objects, and calculate the area, perimeter, circularity, centroid of each object. Our proposed algorithm is able to make a contribution to image analysis, pattern recognition, and computer vision.
INTRODUCTION
The number of objects, the number of holes, the Euler number in a binary image, the contours of objects, and basic shape features of objects, i.e., areas, perimeters, circularities, and centroids, are very important for pattern recognition, image analysis and computer vision [1] - [2] .
In binary images, the concept of objects is equal to that of connected components. Therefore, by conventional algorithms, before calculating basic shape features of objects in a binary image, we usually need to perform connected-component labeling to distinguish different objects in the image. By connected-component labeling [3] - [11] , all pixels of each connected component (object) in a binary image will be assigned a unique label corresponding to the object; thus, we can distinguish different objects by their labels. Then, we can calculate the basic shape features of each object according to its label. Moreover, all conventional algorithms can only calculate the basic shape features of objects without holes, and if the number of holes and/or the Euler number in a binary image are also necessary, the corresponding calculations will be needed respectively. This paper proposes an algorithm for calculating areas, perimeters, circularities, and centroids of each object in which there may be holes in a binary image. The proposed algorithm incorporates basic shape feature computation into a contourtracing-based connected-component labeling algorithm. By connected-component labeling, we can obtain the number of connected components, the number of holes, the contours of objects and holes. During connected-component labeling, we record the data related to shape features of objects. After connected-component labeling, we use the recorded data to calculate the shape features of objects.
_________________________________________
The remains of this paper are organized as follows. Section II introduces the concepts about connected components, holes, the Euler number, areas, perimeters, circularities, and centroids of objects, and Setion III reviews conventional algorithms for calculating shape features of objects in a binary image. Then, we introduce the contour-tracing-based connected compoent labeling algorithm in Section IV, and our proposed algorithm in Section V. Lastly, we give the conclusion in Section VI.
CONNECTED COMPONENTS, HOLES, THE EULER NUMBER, AREAS, PERIMETERS, CIRCULARITIES, AND CENTROIDS OF OBJECT
For an N × M-size binary image, we use p(i, j) to denote a pixel as well as its value at (i, j) in the image, where 0  i < N and 0  j < M. We assume that object (foreground) pixels and non-object (background) pixels in a given binary image are represented by 1 and 0, respectively.
For pixel p(i, j), the four pixels p(i1, j), p(i, j1), p(i1, j), and p(i, j1) are called the p(i, j)'s 4-neighbors; the four-neighbors together with the four pixels p(i1, j1), p(i1, j1), p(i1, j1), and p(i1, j1) as shown in Fig. 1(b) are called the p(i, j)'s 8-neighbors of the pixel. Two object pixels s and t are said to be 4-connected (8-connected) if there is a path which consists of object pixels a1, a2, , an such that a1 = s and an = t, and for all 1  k  n 1, ak and ak+1 are 4-neighbor (8-neighbor) for each other.
A set of object pixels in the image is said to be a 4-connected (8-connected) component in a binary image if and only if any of two pixels in the set are 4-connected (8-connected). A connected component is also called an object. Because objects with 8-connectivity are more complicated than those with 4-connectivity, in this paper, only objects with 8-connectivity will be considered. On the other hand, a hole is a maximum set of background pixels such that they are enclosed by foreground pixels, and any two pixels in the set are 4-connected. The Euler number of a binary image is the difference of the number of connected components and that of holes in the image.
The area of an object O, AO, is defined as the number of the pixels in O, i.e.,
The area of the holes in an object O, AH, is defined as the number of the pixels in the holes of O, i.e., The perimeter of O, P, can be calculated by the numbers of patterns B1, B2, B3, and Bd shown in Fig. 1 in the object O. Let Ni be the numbers of Bi, then, P can also be calculated as follows [1] , where K1 = 1/ , K2 = 1, K3 = 1/ , and Kd = , respectively.
Lastly, the circularity of O, C, is defined as follows. 
CONTOUR-TRACING-BASED CONNECTED COMPONENT LABELING ALGORITHM
The Contour-Tracing-based connected-component Labeling (CTL) algorithm proposed in Ref. [4] is a contour-tracing-based algorithm. It processes pixels in the given binary image one by one in the raster scan. For the current pixel p(x, y), it does nothing if p(x, y) is a background pixel, otherwise, i.e., p(x, y) is an object pixel, it processes p(x, y) as follows, where l is initialized to 1:
(a) If p(x, y) is unlabeled and its upper neighbor, i.e., p(x, y  1), is a background pixel, then p(x, y) must be on an external contour of a newly encountered object. The CTL algorithm assigns label l to p(x, y) and all pixels on the external contour by contour tracing. At the same time, it also marks all background pixels surrounding the external contour (the object) with 1 for distinguishing whether an object pixel is on an unprocessed internal contour or not (in order to prevent to trace a contour multi times). Then, the CTL algorithm increases the value of l by 1.
(b) If the pixel immediately below p(x, y), i.e., p(x, y + 1), is an unmarked background pixel (i.e., p(x, y + 1) = 0), p(x, y) must be on a newly encountered internal contour. If p(x, y) is unlabeled (in this case, its left neighbor of p(x, y), i.e., p(x  1, y), must be a labeled pixel), the CTL algorithm assigns the same label of p(x  1, y) to p(x, y).Then, it uses contour tracing to find the internal contour from p(x, y), and assigns the label of p(x, y) to all pixels on the counter. At the same time, it also marks all background pixels surrounding the inter contour (the hole) with 1 for avoiding starting contour tracing again at a labeled object on the internal contour. (c) If p(x, y) is an unlabeled object pixels not being described in (a) and (b), then the left neighbor of p(x, y), i.e., p(x  1, y), must be a labeled pixel. The CTL algorithm assigns the label of p(x  1, y) to p(x, y).
Notice that by the CTL algorithm, each object pixel will be assigned a label which will never changes. Thus, after labeling, all pixels of an object will have the same label. Moreover, it is obvious that the number of objects and that of holes will be the times for tracing external contours and that for tracing interior contours, respectively. We implemented our proposed algorithm in the C language on a PC-based workstation (Intel Core i5-3470 CPU@3.20GHz, 4GB Memory, Ubuntu Linux OS), and compiled by the GNU C compiler (version 4.2.3) with the option -O. For each image used in our experimental test, the number of objects, the number of holes, the Euler number of the image, the areas, perimeters, circularities, and centroids of objects in the image were calculated correctly.
PROPOSED ALGORITHM FOR CALCULATING OBJECTS' SHAPE FEATURES IN BINARY IMAGE

CONCLUSION
This paper proposed an algorithm for calculating the number of objects, the number of holes, the Euler number of a binary image, extract the contours of objects, and calculate the area, perimeter, circularity, centroid of each object. Our proposed algorithm will make a contribution to image analysis, pattern recognition, and computer vision.
